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patients. As has been described above (Cases No. 2
and 3), we twice induced a severe attack of asthma in
patients by giving too high doses of tuberculin. This 

Imistake now no longer occurs, since we know that only
very small doses of tuberculin are necessary, or even 
advisable. Whether Walker’s cure is less dangerous (
than ours we are not in a position to decide. In the
cases where we used it we never saw dangerous or even
disagreeable reactions. If, in addition to the tuber-
culin treatment, injections with autogenous sputum
vaccines are given, great care must be taken (as
stated by Walker also), since an overdose of vaccine
may be dangerous.

Finally, it may be remarked that, in those cases in
which the tuberculin test is negative, we still have the
chance of finding a sensitiveness to one of Walker’s
proteins, and such cases can then be treated accord-
ingly. Our number of cases falling into this class is
too small to justify a publication of the results, and
the same holds for the few cases in which we could
not find a sensitiveness with either of the methods.
These patients were treated in a different way.

Difficulty of Explaining Effects Produced.
It seems to us that the results obtained with our

method are very clear and need little additional
discussion. The prominent fact is that, in a very
high percentage of cases, the acute attacks of asthma
disappear after a few injections. It is far more difficult
to give a satisfactory explanation for the effects
obtained.

Since we are not able to give a decisive explanation
only a few words will be said on this matter. The
starting-point of the tuberculin treatment was our
supposition that a state of hypersensitiveness to
tuberculin might be a factor which raises the suscepti-
bility of patients for allergic or anaphylactic reactions
(including asthma and hay fever). This hypothesis
is strengthened by the results of the experiments of
Ricker and Goerdeler, mentioned above, who found
a locally increased sensitiveness to drugs in rabbits
with experimentally induced tuberculosis of the
omentum. Further support for our hypothesis was
obtained, first, from our own observations on increased
serum skin reaction in children suffering from an acute
exacerbation of tuberculosis ; secondly, from the fact,
revealed during our work, that many patients suffering
from asthma or hay fever show exceedingly strong
v. Pirquet reaction ; and, thirdly, from the fact that in
two patients we induced a strong attack of asthma by
injecting an overdose of tuberculin. This last observa-
tion shows that there certainly exists a relation,
whatever its nature may be, between tuberculin
reaction and some cases of asthma. This last conclu-
sion is, moreover, strengthened by the result of our
treatment.

If it is true that a condition in the human body
which gives rise to a strong v. Pirquet reaction also
causes an increased susceptibility to allergic reactions,
two qualifications must be made. First, the condition
which causes a strong v. Pirquet reaction cannot be
as a rule an active tuberculous process, since in none
of our cases was this found, and the sputums of our
patients never contained tubercle bacilli. Secondly,
tuberculosis (or rather a condition which produces a
strong v. Pirquet reaction) cannot be the only factor
which is able to create a susceptibility to asthma,
since 11 per cent. of our asthma patients gave a negative
v. Pirquet test.

Conclusion.

If our hypothesis is true, it still remains difficult
to explain why a state of hypersensitiveness to tuber-
culin increases the susceptibility for allergic reactions,
and why injection of small amounts of tuberculin has
a curative effect. We do not want to enter upon further
speculation on this point; we only desire to draw
attention to the fact that, in our opinion, the tuber-
culin treatment of asthma has to be carried out with
injection of small amounts of tuberculin, and that
it is unwise in these cases to try to raise the dose very
high in order to obtain an immunisation. Research
is going on in this institute at the present moment

with the aim of proving the correctness of our hypo-
thesis. The results of this work will be published
later.
We are greatly indebted to the Arlington Chemical

Company for their courtesy in placing at our disposal
the different proteins used in the sensitisation test.

Note.-After finishing the present paper we read
an abstract in the Journal of the American Medical
Association, Oct. 15th, 1920, p. 1030, of a publication
from Pietroforte in Riforma ltlectica (Naples), July 17th,
1920, No. 29, on tuberculin treatment of asthma.
Though our work was undertaken independently of
Pietroforte, it is only fair to state that the priority
o the tuberculin treatment of bronchial asthma
belongs to Pietroforte. As far as we are aware he
did not extend the treatment to hay fever.
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THE STANDARDISATION OF SUSPENSIONS
OF RED BLOOD CELLS FOR

WASSERMANN TESTS.

BY JOSEPH W. BIGGER, M.D.DUB., D.P.H.,
MEDICAL INSPECTOR, LOCAL GOVERNMENT BOARD, IRELAND.

FROM time to time cases are recorded of a sample of
serum having been sent, for a Wassermann reaction
(W.R.) test, to different pathologists, some of whom
have reported it as positive and some as negative.
In bacteriology, as in everything else, mistakes are
possible ; but apart from these, there remain some
cases in which the inconsistencies of the findings are
due not to gross error but to differences in technique.
Attempts to standardise the W.R. can never be
completely successful, as each of the four reagents
employed in the test-complement, antigen, ambo-
ceptor and red blood cells-is more or less variable.
The first three are usually titrated and accurately
diluted prior to the test proper, but this is not done
in the case of the suspension of red blood cells.
Several workers have pointed out the importance of
standardising the strength of the suspension used,
but up to the present the majority of bacteriologists
are content to employ suspensions which contain a
known percentage of the deposit of cells obtained by
centrifuging, or which are judged, by their appearance,
to be of about the usual strength. Neither method
is at all accurate, since the volume of deposit obtained
from the same volume of blood depends on a number
of factors-the type of centrifuge, its rate of revolu-
tion, the duration of spinning, &c.-while the judg-
ment of strength by appearance depends on memory,
which in such matters is unreliable. The number of
cells in each cubic centimetre of the suspensions
used by a careful and experienced Wassermann
worker in three successive batches of tests was

accurately determined and found to be 505 millions,
328 millions, and 484 millions respectively. It is
probable that the suspensions used by other workers
show variations as great as, or even greater than,
these.

In order to determine the effect, on the apparent
h&aelig;molytic strength of complement, of variations in
the strength of the red cell suspensions, the following
experiment was made. A suspension of cells (A) was
standardised as described later. Using 0-5 c.cm. of
this suspension and 1-0 c.cm. of guinea-pig serum,
diluted 1/20, the total volume in each tube being
2-5 c.cm., the minimum h&aelig;molytic dose (M.H.D.)
of the amboceptor was determined. The amboceptor
was then diluted, so that 0-5 c.cm. of its solution con-
tained 5 M.H.D. Three other suspensions of the red
cells were made, B containing 10 per cent., C 50 per
! cent., and D 100 per cent. more cells than A. The
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M.H.D. of the complement was accurately determined
for each cell suspension. Each tube contained-

Amboceptor (5 M.H.D.) .... 0-5 c.cm.
Cell suspension (A, B, C, or D) .. 0-5 c.cm.
Guinea-pig serum ...... x c.cm.

Saline .. .. .. .. .. (1.5-x)c.cm.
The tubes were heated in a water-bath at 37.5&deg; C’.

for two hours and examined. The smallest amount
of guinea-pig serum which produced total hsemolysis
was taken as the M.H.D. of the complement in the
case of each cell suspension (Table I.). The results
of a similar experiment are recorded in Table II.

TABLE I.

It is clear from these results that variations in the
strength of suspension used exercise a marked effect
on the apparent strength of complement. If the
M.H.D. of the amboceptor had been found for each
cell suspension, the differences in the M.H.D. of the
complement would probably have been less, but it
must be remembered that it is not usual to titrate
amboceptor on every occasion on which a batch of
serums is tested. In general the M.H.D. is ascertained
when a new amboceptor is brought into use and.
on subsequent occasions, dilutions containing three
or five times this amount are employed.

Possible Variations of Results.
Now consider two bacteriologists. X and Y, who

are performing W.R. tests, using the reagents employed
for the experiment recorded in Table I. X uses cell-
suspension A, and Y uses cell-suspension C. X finds
the M.H.D. of complement to be 0-0105 c.cm., and
makes two dilutions, one containing 0-0315 c.cm.-
i.e., three doses--and the other 0.0525 c.cm.-i.e., Ifive doses-in 0-5 c.cm. Y finds the M.H.D. to be
0-0175 c.cm., and his three-dose dilution contains ’,
0-0525 c.cm., while his five-dose dilution contains
0-0875 c.cm. of guinea-pig serum in 0-5 c.cm. The
results obtained by X and Y in testing a batch of
serums are bound to be discordant, since the three-
dose dilution of Y contains the same amount of serum
as the five-dose dilution of X. Probably the two will
agree as to many of the serums which are frankly
negative or strongly positive, but some of X’s strong
positives will be recorded by Y as positives, while
Y will find many of X’s positives or weak positives
to be negative.

It is unnecessary further to labour the point that
variations in the strength of the cell suspension may
cause errors in the results of the W.R. test. It follows,
therefore, that some effort should be made to obtain
suspensions of approximately constant strength,
especially if this can be done without unduly adding to
the labour of the test. Probably the most accurate
method of standardising would be by counting the
number of cells contained in a known volume of a
suspension and then diluting this until it contained
a definite number, previously decided upon, in each
cubic centimetre. This method would, however,
be tedious, and-unless the counts were carefully
done, and duplicated or triplicated-liable to con-

siderable error. Lewis has advised a method of

weighing a known volume of suspension, contained
in a specific-gravity flask, and, by comparing its i
weight with the weight of equal volumes of saline
and of a standard suspension, finding the amount

1 Lewis, Frederick C. : On the Serum-diagnosis of Syphilis,THE LANCET, 1920, i., 11.

the new suspension must be diluted to produce astandard suspension. We do not think that this
method will be widely accepted by bacteriologists.
It necessitates the bringing of the specific-gravity
flask and suspension to a constant temperature of
60" F. in a water-bath, and accurate weighings in a
sensitive chemical balance, which is not always
available in bacteriological laboratories.

A Coloua Method of Comparison.
In the method here proposed, the colour of the

carboxyh&aelig;moglobin produced by treating the suspen-
sion of red cells with water and passing carbon
monoxide gas is compared with that of the standard
tube of a clinical h&aelig;moglobinometer. This method
was considered by Lewis, but abandoned, " princi-
pally owing to the error inevitably introduced in the
final colour matching." It is believed, however,
that the method is capable of a considerable degree
of accuracy, as will be shown later.
The ultimate standard adopted was the carboxy-

heemoglobin solution of a Haldane’s heemoglobino-
meter. The advantages of using such a standard are
obvious ; it is constant, easily obtainable, and easily
renewable. The standard suspension of cells (S.S.)
decided upon was such that when one part of it was
mixed with three parts of water and CO passed through
the mixture, the resulting solution of carboxyhaemo-
globin was of exactly the same tint as that in a
Haldane’s tube when examined in the comparison
tube of the h&aelig;moglobinometer set. Since the
standard suspension is four times as rich in h&aelig;mo-
globin as Haldane’s solution, its strength can be
conveniently described as 4H. It may here be
remarked that this system of notation is a convenient
one to use in connexion with any work on suspensions
of red blood cells. If a particular suspension of cells
be tested and its strength recorded as nH, it is possible
at any time or in any place to make a fresh suspension
of the same strength.

Techyaique of Standardisation.
The technique of standardisation is as follows :-
1. A suspension of cells (X.S.) is made which is stronger

than the one required.
2. 1-0 c.cm. of N.S, is measured accurately with a 1 c.cm.

pipette into each of six or eight clean drv test-tubes-(a),
(b), (c). (d), &c.

3. To (a) add 3-0 c.cm. of water, to (b) add 4-0 c.cm., to
(c) add 5.0 c.cm., to (d) add 6,0 c.cm.

4. The contents of each tube are mixed and coal-gas
bubbled through by means of a fine glass tube, until the
carboxyh&aelig;moglobin colour is fully developed. A portion
of each is transferred to the comparison tube of a Haldane’s
h&aelig;moglobinometer set, and its colour compared with that
of the standard tube. Some of the dilutions will be found
to be too dark in colour and some too light. Suppose (a)
and (b) are too dark and (c) too light. (It is not necessary
to wash out and dry the comparison tube after each dilution
is tested. It is quite sufficient to empty it, shake it out,
and rinse with a small quantity of the next dilution to be
tested.)

5. To (e) add 4.5 c.cm. of water, mix, pass gas, and
compare. Suppose (e) is too light.

6. To (f) add 4-2 c.cm. of water, mix, pass gas, and
compare. Suppose (f) is just too dark.

7. To (g) add 4.3 c.cm. of water, mix, pass gas, and
compare. Suppose (g) exactly matches the standard tint.
It is then evident that 1 c.cm. of N.S. + 4.3 c.cm. of water
gives a solution containing exactly the same amount of
haemoglobin as Haldane’,s. The amount which the N.S.
must be diluted to produce S.S. can now be calculated.
In order to save trouble a formula may be used. If x c.cm.
is the amount of water necessary to add to 1 c.cm. to give e

Haldane’s tint,  c.cm. of saline must be added to

each 1 c.cm. of N.S. to produce S.S. = 4H. In the example
given, x ==4-3 c.cm., so 0.325 c.cm. of saline must be added
to each cubic centimetre of N.S., or 13 c.cm. to 40 c.cm.

Since the whole operation of preparing a standard
suspension takes about 10 minutes, it does not add
unduly to the time necessary to perform a W.R. test.
No difficulty was experienced in colour matching.
and it was found possible to determine the value of
x to the first decimal place with accuracy. An amount
of 0.1 c.cm. greater than x was obviously too light
in colour and 0.1 c.cm. less too dark. The strength of
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the suspension used (4H) is one which has been found
suitable for the W.R. method in use. This method is
identical with Harrison’s (No. 1 in the Medical
Research Committee’s Report on the Wassermann
test),2 except that two volumes of sensitised cells are
used, the tubes containing :-

Patient’s serum (1/5) .... 0-5 c.cm.
Extract (or saline, in control tube) .. 0-5 c.cm.
Complement (three or five doses) .. 0-5 c.cm.
Sensitised cells ...... 1-0 c.cm.

To sensitise the cells, one volume of S.S. is mixed
with one volume of a solution of amboceptor containing
5 M.H.D. in 0-5 c.cm. This strength of suspension
will be found to be somewhat weaker than that used
by many bacteriologists, but it has been found very
suitable for W.R. work as it gives sharp results. If ,
another strength-say pH-be desired, the standardi- I
sation is carried out as before, but the amount of z,
saline necessary to add to 1 c.cm. of N.S. will be ’,
&mdash;&mdash;"’&mdash;&mdash; c.cm. If Harrison’s method is followed z’

p ’

exactly one unit (0-5 c.cm.) of sensitised cells is added ’’,,
to each tube. This contains one-half unit (0-25 c.cm.) ’,
of suspension. A suitable strength to make the S.S. I
would be 8H. !

In order to test the accuracy of this method of
standardisation, samples of sheep’s blood were
obtained from a slaughter-house at intervals of one
or more weeks. The red cells were washed and two
standard suspensions (4H) of each were made. The
number of cells in each was counted, three counts,
each of at least 1000 cells, being made and averaged.
A Thoma (Hawksley) chamber was used for counting.
Table III. gives the results of this control.

TABLE III.

Average of the 12 suspensions...... 498

It will be observed that the greatest error of any
pair of suspensions as compared with the average
of the two is 2-8 per cent., and that in only one
standardisation is the error greater than 5 per cent.
when compared with the average of the 12. It
is possible that a certain amount of error may be
introduced by differences in the blood of individual
sheep. In some the size of the corpuscle or its
haemoglobin content may be different from what is
found in others. A consideration of Table III. would
lend some support to this view, but there is no reason
to suppose that such variations should be greater
in the case of healthy adult sheep than in the case of
normal men. No divergences which would render
this method of standardisation unreliable were

revealed in the controls dealt with above. It may
therefore be claimed that this method is one which
can be recommended as sufficiently accurate for use
in the W.R. test. It may be noted that the strength
of suspension chosen (4H) corresponds very closely
to a count of 500 millions of red cells per cubic
centimetre.

Su m7narJ.
1. Methods usually adopted for making suspensions

of red blood cells for the W.R. test are very rough,
and the resulting suspensions vary greatly in strength.

2 Medical Research Committee, Special Report Series, No. 14,
1918.

2. Such variations may introduce considerable
error in the results of the test.

3. A simple and rapid method of standardising red
blood cell suspensions is described.

4. This method was controlled by counting the
number of cells per cubic centimetre in 12 suspensions,
and was found to be accurate.

5. It is suggested that. the notation here adopted
(in terms of Haldane’s solution) might L3 used to
record the strength of any suspension of red blood
cells since a new suspension of similar strength could
be prepared when required.

SEROUS MENINGITIS.

BY A. GURNEY YATES, M.A., M.D. EDIN.,
M.R.C.P. LOND.,

PHYSICIAN, SHEFFIELD ROYAL INFIRMARY.

SEROUS meningitis was first described by Quincke 1
in 1893 and a considerable number of cases have e
since been reported, but the condition does not appear
to have received the more general attention which it
deserves. Pathologically, the essential condition is an
increase in the intracranial pressure due to an excess
of cerebro-spinal fluid. This excess is produced, not
so much by mechanical obstruction-though the
latter may be a factor in certain cases, as when the
foramina in the roof of the fourth ventricle are blocked
by exudate or old thickening-but by an inflammation
of the meninges and ependymal lining of the ventricles
which never passes beyond the serous stage. The
ventricles are usually distended with clear fluid, but
in some instances the fluid is mainly in the sub-
arachnoid space, and there may be definitely localised
collections at the base or elsewhere. A remarkable
case has just been published by C. E. Reynolds,2 in
which fits of varying type occurred, the variations
being due to alterations in the position of the fluid
brought about by changes of posture.

Description of Cases of Serous Effusion.
Excluding grossly obstructive cases, such as those

due to tumour or obliteration of the large sinuses,
cases due to tubercle and syphilis, and non-inflam-
matory cases secondary to cardiac and renal disease,
there still remains a group of cases, acute and chronic,
of which a non-purulent inflammatory effusion is the
essential feature. Associated with the serous effusion
a variety of conditions have been described. Quincke
found the ependyma thickened and in some

cases granular. P. Merle 3 described inflammatory
changes in the meninges and choroid plexus as well
as in the ependyma, but he maintained that the last
was the most frequent and the most important. In
some cases an encephalitis was found in addition, and
other conditions described include obliteration of the
aqueduct of Sylvius and of the foramina of Monro,
and adhesions isolating some part of the ventricular
cavity.

Joel4 described a case secondary to a foetid dis-
charge from the left ear, which was at first thought
to be an extradural abscess, but the only condition
found at operation was cedema of the meninges and
brain tissue, which recovered completely. W. B.
Warrington found in a case secondary to a left-sided
otitis merely increased fluid and congestion of the
meninges which cleared up completely. In another
case he described thickening of the floor of the
fourth ventricle by granulation tissue. Nonne  6

recorded two cases, one following injury in which
nothing was found except great dilatation of the
ventricles, and the other apparently due to mental
shock, in which there was hydrocephalus with fresh
granulations in the ependyma. Other writers have
described similar conditions and microscopically
perivascular infiltration, and in cases of longer standing
fibrosis has been found in the ependyma and pia-
arachnoid. A case published by Parkes Weber’ in
1902 in a woman of 22 showed, in addition to great
distension of the ventricles, thickening of the ependyma


